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Description

[0001] The present invention relates to a method of
extracting and concentrating oils from materials in which
the oils are already dispersed. More particularly, the
present invention is concerned with the extraction of
fixed oils or mineral oils from materials using a process
of solvent extraction which is performed under pressure.
[0002] The term "Fixed Oil" is usually used to describe
oils of vegetable or animal origin which are not volatile
oils. They routinely comprise natural mixtures of mono-,
di and tri-glycerides, fatty acids, sterols (and their es-
ters) and natural waxes.
[0003] "Mineral Oil" is a term usually used to describe
petrochemical oils often derived from below ground lev-
el, which are normally mixtures of aliphatic and aromatic
hydrocarbons of a very wide variety of chain length and
molecular weight. These oils are often the sources of
lubricating and fuel oils.
[0004] In a previous patent specification (GB
2,276,392), we described the use of 1,1,1,2 - tetrafluor-
oethane (HFC 134a or R 134a) as a solvent for the ex-
traction of fragrant and aromatic essential oils from nat-
ural sources. The term "Essential Oil" is usually used to
describe those volatile oils of low molecular weight
which incorporate the fragrance and flavour of compo-
nents derived from plant materials.
[0005] However HFC 134a is in fact a very poor sol-
vent for many compounds, particularly less volatile com-
pounds. Thus, whilst HFC 134a is able to dissolve some
essential oils thereby facilitating extraction of such oils
from plant-based materials, this solvent is not able eas-
ily to dissolve compounds of lower volatility such as fixed
oils. HFC 134a is therefore capable of extracting only
very high quality fragrant and aromatic essential oils ie
delicate oils of high volatility and low molecular weight
and it will not dissolve the fixed oils which are also fre-
quently associated with these components in the natural
raw material.
[0006] Furthermore, HFC 134a (which was devel-
oped in the late 1980's as a refrigerant intended to re-
place the environmentally unacceptable R12 - dichloro
difluoromethane) is so poor a solvent that it is not even
adequately miscible with or soluble in the mineral oils
traditionally used as lubricants in refrigeration compres-
sors. This problem was so severe, in fact, that the chem-
ical industry was obliged to synthesise completely new
families of lubricants for use in refrigeration compres-
sors in which HFC 134a was to be used as the refriger-
ant. HFC 134a is therefore conventionally regarded as
a very poor solvent.
[0007] Presently, there is no convenient and econom-
ical method of obtaining fixed oils from natural sources.
The preparation of bulk commodity "fixed oils" for culi-
nary cosmetic, food, pharmaceutical etc use, frequently
from seeds and nuts such as corn (maize), ground nuts,
sunflower seeds, grape pips, rape seeds, olive pits, oil
palm nuts, sesame seeds, 'evening primrose' seeds, co-

coa beans, copra (dried coconut flesh) etc, is normally
carried out in the first instance by a pressing procedure.
This is not a particularly efficient method of obtaining the
oils and results in significant wastage.
[0008] The seeds or other raw materials are mechan-
ically disrupted and then the oil is squeezed out of the
disrupted seed bio-mass in some form of filter press. Hy-
draulic, screw and continuous cavitation screw presses
are well known internationally as means of expelling
such oils. The oil obtained by such pressing (in the case
of olive oil, for instance) is referred to in product for retail
sale as virgin or extra virgin or cold-pressed olive oil.
[0009] Such presses, however, are only able to expel
and remove a proportion of the fixed oils from the
pressed cake. The remaining oil in the cake may be al-
lowed to remain there and such "oil cake" is widely trad-
ed as animal food. However, in some cases (for example
soya, evening primrose etc) it would be economically
foolish to discard the cake at this stage and steps are
taken to obtain more oils from the cake by means of sol-
vent extraction.
[0010] In these circumstances, the oil cake is usually
stirred or otherwise dispersed and brought in contact
with a countercurrent of solvent such as hexane in which
the fixed oil dissolves. In the past, benzene, dichlo-
romethane and other good solvents for such oils have
been employed for this purpose. However, the tradition-
al good solvents suffer the drawback that they are fre-
quently toxic or hazardous to health.
[0011] The solution of fixed oil in the solvent is filtered
and the solvent is then evaporated to release the oil. To
achieve optimum economics, the cake may be "rinsed"
several times with fresh solvent in order to remove the
final traces of oil from it. After drying to remove the sol-
vent the cake may then be sold for inclusion in animal
food. However, traces of solvent may remain in the an-
imal cake.
[0012] Steam injection into the oil (stripping) is fre-
quently used as a means of lowering much of the final
residue of solvent from the oil. However, it is inevitable
that a proportion of residual solvent is still present and
this is detectable in the oil derived by such processes.
The disadvantages of the process of solvent extraction
thus include the loss of solvent and the risk of fire haz-
ards since the solvent is usually highly flammable.
[0013] Moreover the loss of solvent almost always oc-
curs as a vapour in the form of a "VOC" (volatile organic
compound) which is highly undesirable from an environ-
mental viewpoint because it can lead to photochemical
ozone generation.
[0014] The finished product from such processes are
often intended for public consumption and the presence
of toxic or harmful residues may present difficulties
when seeking regulatory approval of the finished prod-
uct.
[0015] The evaporation of the solvent from the solu-
tion of the oil, and the solvent recovery by condensation
is expensive on account of the energy costs.
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[0016] In WO95/26794, a process is disclosed which
comprises contacting raw material with a hydrofluoro-
carbon-containing solvent and separating the liquor
thus obtained from the raw material. The extracted com-
ponents, such as pesticides, pharmaceuticals or fla-
voured or aromatic oils, are then obtained from the liquor
by evaporation or distillation of the solvent.
[0017] The present invention thus aims to provide an
economical process which is also able to provide the
extracted oils in relatively high yield. It is also an aim to
provide a quick extraction process which can be used
commercially.
[0018] It is also an aim to provide a process which is
easy to run and which does not require bulky or compli-
cated apparatus. It is another aim to use a solvent which
is not environmentally damaging and which does not
have any significant photochemical ozone generating
potential. Such a process aims to eliminate or reduce
the losses of solvent during the extraction process. In-
deed, it is a further aim to provide a process in which
solvent losses are minimised so that there is substan-
tially 100% solvent recovery.
[0019] It is also an aim to avoid the risk of fire or ex-
plosion by using a non-flammable solvent system, or at
least a system having a significantly reduced risk of fire
or explosion.
[0020] It is also an aim to achieve a reduction in the
or the absence of any toxic solvent residues in the final
product. It is thus intended to dispense with the need for
the elimination of or evaporation and condensation of
large quantities of solvents.
[0021] According to one aspect of the present inven-
tion, there is provided a method of extracting oil from a
substance, the method comprising the steps of:

a) contacting the substance with a solvent compris-
ing HFC 134a, and optionally one or more co-sol-
vents, in a sealed first vessel;

b) elevating the temperature of the sealed first ves-
sel, and optionally causing agitation of the heated
mixture;

c) separating the resulting solution from the sub-
stance by transferring the solution to a second ves-
sel;

d) cooling at least the second vessel to release oil
from solution; and

e) separating the oil from the solution.

[0022] Surprisingly, we have found that HFC 134a,
though a very poor solvent for fixed and mineral oils at
low temperature, is actually a very much better solvent
at elevated temperature. At 40 degrees Celsius for ex-
ample, cocoa butter (a fixed oil) dissolves in HFC 134a
to a substantial extent, despite the fact that at a temper-

ature only a few degrees lower, i.e. room temperature,
cocoa butter does not dissolve to any appreciable extent
in HFC 134a. The reason for this significant change in
solubility of cocoa butter and other fixed and mineral oils
is not presently understood. It is however speculated
that the effect may be due perhaps to a change in the
viscoelastic properties of the 'bound' fixed oil or mineral
oil at a slightly elevated temperature.
[0023] According to another aspect of the present in-
vention, there is provided a sealable apparatus compris-
ing first and second vessels, each vessel having at least
one closable valve through which solvent may pass,
wherein the first and second vessel are in fluid commu-
nication with one another by means of the closable
valves, wherein the first vessel is adapted to receive a
substance from which oil is to be extracted and incorpo-
rates a filtering device to prevent passage of the sub-
stance out of the first vessel through the or each valve
and the second vessel is provided with cooling means
and/or is associated on its inlet side with means for cool-
ing incoming solution, and wherein a solvent comprising
HFC 134a together with one or more optional co-sol-
vents is provided in the first vessel and may be trans-
ferred between the first and second vessels via the or
each valve.
[0024] In an embodiment, the or each valve is a one
way valve and the first and second vessels each have
an inlet valve and an outlet valve, the apparatus being
arranged in the form of a circuit so that the outlet valve
of the first vessel is connected to the inlet valve of the
second vessel, and the outlet valve of the second vessel
is connected to the inlet valve of the first vessel, so that
the flow of solvent around the circuit occurs in one di-
rection only.
[0025] In another embodiment, the first vessel is pro-
vided with a heating means and/or is associated on its
inlet side with means for heating incoming solvent.
[0026] In a further embodiment the apparatus in-
cludes a reservoir of additional solvent and means for
introducing or removing solvent from the circuit. Prefer-
ably, the point of addition or removal of solvent from the
circuit is between the outlet side of the second vessel
and the inlet side of the first vessel.
[0027] In another embodiment, the apparatus in-
cludes means for withdrawing from the second vessel
directly and/or from the inlet side of the second vessel
oil which has separated from the solvent.
[0028] In a further embodiment, the apparatus in-
cludes means for determining the pressure in the circuit
and/or the temperatures of the first and second vessels.
[0029] In a further embodiment, the first and second
vessels are transparent pressure vessels capable of
withstanding pressures of not more than 25 bar.
[0030] HFC 134a is a very poor solvent at ambient
temperature as discussed above. At elevated tempera-
tures its dissolving properties are improved somewhat
but they are still relatively poor. Some solutes (such as
fatty acids and triglycerides) are only slightly soluble
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even in hot HFC 134a ie a temperature of about 40 to
60°C.
[0031] In an embodiment of the process of the present
invention, the solvent may be a mixture of HFC 134a
and a co-solvent in which the desired oil is relatively sol-
uble. The dissolving properties of HFC 134a are signif-
icantly increased by the addition of a co-solvent.
[0032] Suitable co-solvents which can be added to
HFC 134a may be liquids at room temperature or lique-
fied gases.
[0033] For example, hydrocarbons such as the al-
kanes, benzene and its esters, low boiling aliphatic es-
ters such as acetates and butyrates, ketones such as
acetone, methyl isobutyl ketone, methyl ethyl ketone,
chlorinated, fluorinated and chlorofluorinated hydrocar-
bons such as dichloromethane and dichloro difluor-
omethane, ethers and such as dimethyl ether and die-
thyl ether, dimethyl formamide, tetrahydrofuran, dime-
thyl sulphoxide, alcohols such as methyl alcohol, ethyl
alcohol, n-propanol, iso-propanol, acids such as acetic
acid, formic acid and even acetic anhydride, nitriles such
as acetronitrile (methyl cyanide), anhydrous liquefied
ammonia and other liquefied gases such as sulphur di-
oxide, nitric oxide, nitrogen dioxide, nitrous oxide, lique-
fied hydrogen sulphide, carbon disulphide, nitrometh-
ane, and nitrobenzene could all be used in this process.
[0034] Liquefied gases are preferred for ease of re-
covery of the extracted oil. These also have the benefit
of resulting in low residue levels in both oil and spent
raw material.
[0035] It is also important that the co-solvent does not
damage the raw-material or the extract chosen and that
the co-solvent is not toxic or hazardous to health. For
this reason, lower alkanes and lower alcohols (ie C5 or
lower), acetone, dimethyl ether and diethyl ether are
particularly preferred as co-solvents.
[0036] One example of the use of a solvent mixture is
in the extraction of ground nut oil. Ground nut oil does
not appreciably dissolve in HFC 134a alone even at 60
degrees Celsius (when its vapour pressure is of the or-
der of 16 bar).
[0037] Ground nut oil readily dissolves in liquid butane
at ambient temperature. However, this fact is of little val-
ue in an extraction process because a solution of ground
nut oil in liquid butane may be cooled to very low (sub-
zero) temperatures and still the solute will not precipitate
from solution. There is also a fire risk with the use of
butane. However, a carefully chosen mixture of a co-
solvent, such as liquid butane, and HFC 134a, which is
tailored to the particular requirements of the extraction
process may be used in the process of the present in-
vention.
[0038] The appropriate co-solvent and HFC 134a:co-
solvent ratio is determined as follows.
[0039] A bottle together with a removable seal is
weighed and the weight recorded (Weight A). This as-
sembly should be designed to be able to withstand a
pressure of say 10 BarG.

[0040] Into the bottle is placed a sample of the solute-
containing raw material to be extracted.
[0041] The bottle and seal is weighed again and the
weight recorded (Weight B). The bottle is then closed
and sealed. The difference between weight B and A is
the weight of the solute.
[0042] The co-solvent alone is introduced into the bot-
tle and the mixture shaken until the contents are ho-
mogenuous and the solute is in complete solution. The
bottle and contents are weighed again and the final
weight of the bottle and contents are recorded (Weight
C). The difference between weight B and Weight C is
the weight of the added co-solvent.
[0043] HFC 134a is then progressively introduced into
the bottle. At first no obvious change takes place, but as
the quantity of HFC 134a increased, the contents of the
bottle will be seen to turn from crystal clear to opales-
cent.
[0044] The weight of the bottle and contents is again
recorded (Weight D). The difference between Weight D
and Weight C is the quantity of HFC 134a added.
[0045] In order to ensure that the composition has
reached its optimum, the bottle may now be placed in a
refrigerator, whereupon the contents will become cloudy
and a clear and distinct layer of oil will separate and float
on the lower layer of clear solvent. The solvent at low
temperature can then be withdrawn and introduced to
another bottle charged with more of the solute-contain-
ing raw material. This cold solvent will not dissolve the
solute, but on warming, it will be seen to form a homo-
geneous solution (which will itself separate again into
two layers on cooling).
[0046] If this procedure is carried out carefully, it will
allow calculation of the composition of a solvent mixture.
For example: The total weight of solvent used is D - B.
the weight of cosolvent is C - B and the weight of HFC
134a is D - C.
[0047] Hence the weight % composition of the solvent
is:

[0048] The % concentration of solute in the solution

Example

[0049] A 210ml capacity PET bottle (to which an aer-
osol valve can be removably fitted) was weighed. The
assembly weighed 48 grams.
[0050] Into the bottle was placed a sample of sunflow-
er seed oil. The assembly now weighed 67 grams.

Co-solvent = (C - B / D - B) x 100%

HFC 134a = (D - C/D - B) x 100%

= (B-A/D-A) x 100%

5 6



EP 1 147 166 B1

5

5

10

15

20

25

30

35

40

45

50

55

Hence there was 19 grams of sunflower seed oil in it.
The bottle was sealed.
[0051] Liquid butane was introduced into the bottle
(via the aerosol valve) and weighed again. It now
weighed 97 grams. Hence 30 grams of liquid butane had
been introduced. The contents of the bottle (on shaking)
were crystal clear.
[0052] HFC 134a was now introduced into this mix-
ture. When the bottle weighed 163 grams, the contents
became an opalescent but otherwise homogenous (sin-
gle phase) liquid. 66 grams of HFC 134a had been add-
ed.
[0053] Placing this bottle in a refrigerator at 4 degrees
Celsius for half an hour caused two layers to form. The
top layer was a pale yellow oily liquid and the lower one
a water white clear liquid.
[0054] Standing at room temperature for a few min-
utes caused the contents of the bottle to warm up and
(on shaking) the contents again became an opalescent
homogeneous single phase liquid.
[0055] The composition of the solvent was (from the
above quoted figures) 38% butane, 62% HFC 134a and
the weight concentration of sunflower seed oil in solution
in this solvent was 20%.
[0056] The invention will now be described with refer-
ence to Figure 1 which shows an apparatus suitable for
continuous extraction of fixed and mineral oils according
to one embodiment of the process of the present inven-
tion.
[0057] Two vessels (1) and (2) equipped with closea-
ble valves were coupled together via two sets of tubing
(3, 4). Both vessels are capable of withstanding pres-
sure typically up to 25bar. Below vessel (1), the tubing
(3) was in the form of a coil (5) sitting in a bath of liquid
(6) which could be heated and maintained at a prese-
lected temperature. The coil of tubing (5) could, howev-
er, be heated by another means or vessel (1) could be
heated directly.
[0058] Vessel (1) was equipped with an internal filter
(7) at both ends, whereas vessel (2) was equipped with
a filter (8) only at the lower end.
[0059] The second vessel (2) was surrounded by coils
(9) containing a flow of cooling liquid and the outside of
the coils was insulated. Other means of cooling vessel
(2) could also be used, for example a stream of cooling
gas or a cooling bath.
[0060] The circuit was furnished with an inlet (10) and
outlet (11) valves for solvent. During operation of the
equipment, the inlet valve was coupled to a solvent res-
ervoir (12) which could be used to both fill and the sys-
tem with solvent and maintain the level of solvent during
operation. Outlet valve (11) was provided to enable the
system to be drained.
[0061] At the tope of vessel (2), a valve (13) is fitted
to facilitate the recovery of oil when this becomes nec-
essary or desirable. A pressure gauge (16) may be pro-
vided in the circuit.
[0062] The operation of the equipment may be de-

scribed as follows:

1. Vessel (1) (which has removable end caps) is
charged with the material from which oil is to be ex-
tracted (usually in the form of a finely divided par-
ticulate solid). The end caps and filters are then re-
placed. The vessel is then connected to the remain-
der of the equipment.

2. The equipment (now fully sealed) is then fully
charged with solvent from the bulk solvent storage
tank (12) (which remains connected to the equip-
ment throughout the operation). Air is allowed to es-
cape from the equipment via controlled opening of
the valve (13).

3. The hearing bath (6) is then filled with water or
oil and the heating means turned on.

4. Cold liquid or gas is circulated round the cooling
coils (5) causing the temperature of the second ves-
sel (2) (and its contents) to cool.

[0063] As the temperature of the liquid in the heating
bath rises, so does the temperature of solvent in the tube
below vessel (1). This, of course, causes hot solvent in
vessel (1) to rise through the contents of the vessel (1)
due to natural convection. The contents of vessel (1) are
restrained inside vessel (1) by the filters (7) disposed at
the top and bottom. The liquid displaced upwards is re-
placed by cold liquid falling through vessel (2) due to
convection.
[0064] The entire liquid in the circuit thus becomes
mobile and circulating. As hot liquid passes up through
the contents of vessel (1) oil is exacted from this mate-
rial. As the solution enters the top of vessel (2) it is
cooled and its solute (the oil) precipitates out of solution.
[0065] Because the oil is lighter than the solvent, it
floats to the top of vessel (2) and collects there as it is
not able to pass out of the bottom of vessel (2).
[0066] When it is considered that sufficient oil has
been extracted, all the valves are closed except valves
(14) (the inlet valve for vessel (2)) and valve (15) (the
outlet valve for vessel (2)). Valve (13) is thus opened to
release the oil and the oil can be decanted into a bottle.
[0067] The system may be emptied after use by al-
lowing solvent to drain out of valve (1) into a suitable
container for recover by evaporation and re-cycling.
[0068] It will be immediately apparent to one versed
in the art, that this process is capable of producing oil
without any evaporative step. Since evaporation of the
solvent is one of the major costs involved in more tradi-
tional methods of extraction, this constitutes a major im-
provement in the extraction of such oils and represents
a significant cost saving.
[0069] Since the solvent is neither flammable, nor tox-
ic, nor environmentally damaging and (in normal oper-
ation) is never released into the environment, the proc-
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ess of the present invention represents a significant im-
provement over current technologies.
[0070] In another embodiment of the process (not
shown), the apparatus comprises two sealable vessels
(which are preferably transparent and made of strength-
ened or reinforced glass) each being capable of with-
standing a pressure of up to 20 bar or even 25 bar. Each
vessel is equipped with a closeable valve which acts as
an inlet and an outlet valve. One vessel is also equipped
with a removable filtering device, such as a wire gauze
or wire wool to prevent the exit of raw material from the
vessel at the same time as the solvent is withdrawn.
[0071] The two vessels are connected to each other
via their inlet/outlet valves so as to form a sealed unit.
Typically each vessel is 50mls to 2000mls capacity, and
preferably 100mls to 500mls. Such an apparatus is eas-
ily assembled and handled. However, there are no par-
ticular limitations other than the usual practical limita-
tions, on the upper size of such apparatus.
[0072] In use, raw material is placed in the first vessel
and the extraction medium (ie the solvent) is also intro-
duced into the first vessel. The inlet/outlet valve of both
vessels are then closed and the ensemble is warmed,
typically to 40°-60° (and preferably not more than 50°C),
in an oven or using other suitable heating means. The
apparatus may be agitated during heating or may con-
tain agitation means such as a magnetic flea.
[0073] After an appropriate residence time at the ele-
vated (holding) temperature, typically in the range 1 to
20 minutes and preferably in the range 3 to 8 minutes
from the point of view of efficiency and cost effective-
ness, the solution is transferred from the first vessel to
the second vessel and the ensemble is cooled to room
temperature or lower. Ideally, the ensemble is cooled to
a temperature in the range -10° to 25°C and preferably
in the range 0° to 20°C. Cooling below -10°C is possible
but increases the costs and complexity of the process.
[0074] Transfer of the solution is achieved via the in-
let/outlet valves and the raw material remains in the first
vessel on account of the filter. The valves are closed
following transfer of the solvent and before cooling is
commenced.
[0075] On cooling, the extracted oil precipitates out of
solution and begins to aggregate. Since the extracted
oil is invariably significantly less dense that the solvent
medium the extracted oil floats on the top of the solvent
layer as a separate immiscible/insoluble layer. The ex-
tracted oil can thus be easily separated by decanting.
The solvent, which is almost entirely free of the oil, can
then be returned to the first vessel for use in a further
extraction cycle. This process can be repeated several
times if desired. From a practical point of view, 10 cycles
is the upper limit with 3 to 5 cycles being preferred on
the basis of efficiency and time.
[0076] This manual procedure, though highly effec-
tive, was somewhat tedious to carry out and the whole
process is preferably performed as a continuous oper-
ation as described above.

[0077] The present invention will now be illustrated be
means of the following Examples in which Example 1
described the isolation of a fixed oil and Example 2 de-
scribes the isolation of a mineral oil. The procedures de-
scribed in these Examples are, of course, applicable to
other fixed and mineral oils.

Example 1:

[0078] A sample of 20 grams of roasted and finely
ground cocoa beans (as raw material) was placed in a
transparent sealable container furnished with a closea-
ble valve. The container was capable of withstanding
pressures of 20 bar. The in/outlet valve of the container
was equipped with a filter to retain ground-up bio-mass
(the raw material) within this first vessel. 50 grams of
HFC 134a was introduced into the vessel and the vessel
was then sealed. A slurry was formed between the co-
coa bean solids and the HFC 134a.
[0079] A second (empty) transparent vessel which
was similar to the first vessel was prepared and the two
vessels were connected by means of their inlet/outlet
valves. The valves of both vessels were both closed.
[0080] The two connected vessels, one containing the
slurry and HFC 134a and the other empty, were then
placed in an oven until the temperature of the contents
rose to 50 degrees Celsius.
[0081] When the two vessels had warmed up to 50
degrees Celsius, the valves were opened so that the
warm HFC 134a was able to pass from the vessel con-
taining the bio-mass to the empty vessel. The valves
were then closed.
[0082] The transfer and collection of the clear warm
HFC 134a was readily accomplished via the filters. No
boimass was present in the clear solution which had
been transferred to the second vessel.
[0083] Both vessels were allowed to cool.
[0084] Upon cooling of the HFC 134a, it was observed
that cocoa butter (ie cocoa oil) had precipitated out of
solution as a flocculent white precipitate.
[0085] Furthermore, due to the difference between
the specific gravity of the "oil" (which in most cases is
substantially lower than 1.00) and the solvent (which is
substantially greater than 1.2) the precipitate was seen
to rise to the surface of the (now cold) HFC 134a solvent
leaving a clear layer of HFC 134a below it. A small
amount of further precipitation of cocoa butter solids
could be encouraged by refrigeration of the second ves-
sel containing the HFC 134a.
[0086] Recovery of the HFC 134a layer was achieved
either by decantation or by further filtration.
[0087] The cold solvent layer which then contained
substantially no dissolved cocoa oil could then be re-
turned to the vessel containing the original ground co-
coa bean bio-mass and/or new bio-mass to be re-used
in the extraction process.
[0088] When the first vessel was again warmed more
cocoa butter could be extracted into the solvent, the sol-
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vent transferred is the second vessel and cooled.
[0089] This cycle was repeated several times and a
substantial amount of cocoa butter concentrated in the
second vessel. The roasted and ground cocoa beans in
the first vessel were largely devoid of cocoa butter after
only a few cycles (about 5).

Example 1:

[0090] A sample of North Sea drilling mud comprised
a highly acidic moist powder of finely ground mineral
particles, water and oil. In the past, mud of this type has
been jettisoned from the drill platform directly into the
sea. This practice is coming under close scrutiny for en-
vironmental reasons as it is very damaging to the local
environment.
[0091] The process of the present invention allows re-
covery of some of the contaminating oil from such slur-
ries. Disposal of the treated residue into the sea could
then be allowed to continue without damage to the en-
vironment. The value of the oil recovered could help off-
set the, inevitable on-costs of treatment.
[0092] 100 grams North Sea drilling mud was loaded
into a 1 litre vessel such as that described as vessel A
in Figure 1. An entire system as illustrated in Figure 1
was then assembled and sealed and filled with solvent
which in this case was a mixture of HFC 134a (90% w/
w) and butane (10% w/w)].
[0093] The temperature of the contents of vessel A
was allowed to rise to about 50°C as the contents of
vessel B were cooled to about 0°C. Solvent circulated
quickly around the system and a pale yellow oil began
to accumulate at the top of vessel B.
[0094] After 20 minutes of operation at equilibrium
conditions (after stable temperatures had been
achieved in vessels (1) and (2), the system was system
was shut down. All valves (except valves (14) and (15)
and the bottle shut-off valve (10) were closed. Upon
opening of valve (13), solvent emerged and was collect-
ed in a bottle. Opening of valve (14) also caused solvent
to emerge into the bottle. In so doing, the layer of oil in
vessel (2) was observed to rise. As oil emerged through
valve (13), it was collected into a second sample bottle.
[0095] A small quantity of solvent was seen to "boil-
off" the oil sample. On a larger scale, this solvent could
have been recovered and re-used.
[0096] The oil was found by analysis to be of excellent
(light) and saleable quality.
[0097] The present invention thus addresses many of
the disadvantages listed above and provides a means
of obtaining fixed oils and mineral oils in good yields in
a form approaching 100% purity. The following points
relate to practical operating matters for the process of
the present invention:

Temperature difference between vessels (1) and (2)

[0098] For maximum economic use of equipment de-

signed to prepare extracts such as those of interest to
us, it is beneficial to operate vessels (1) and (2) at widely
dissimilar temperatures. (The difference between these
temperatures is commonly referred to as "∆T"). The
larger the "∆T" the better the equipment will perform.
[0099] However, limits on "∆T" are imposed by the de-
sign and fabrication of the equipment.

Upper limit of operating temperature of Vessel (1)

[0100] When HFC 134a is used, whether mixed with
another solvent or not, a rise in the temperature of op-
eration of Vessel (1) will automatically cause an in-
crease in the pressure (vapour pressure) within the
sealed system. Indeed, the highest operating tempera-
ture of vessel (1) must obviously never exceed and be
less than the "critical temperature" of the solvent (mix-
ture) in use.
[0101] Also this highest operating temperature would
be limited to a temperature above which damage to the
raw-material or the extract might occur.

Lower limit of operating temperature of Vessel (2)

[0102] The operating temperature of Vessel (2) must
be as low as can be conveniently arranged. Sub-ambi-
ent and even refrigeration temperatures can be used.
[0103] The lower limit of operation of Vessel (2) will
be determined by the characteristics of the solution (and
its ability to dissolve solute). The solute must dissolve
in the solvent as "poorly" as can be arranged and the
"poverty" of this dissolution can be enhanced by lower-
ing the temperature of operation of Vessel (2). The low
limit is also governed by the viscosity of the resulting oil
since at very low temperatures some oils may become
difficult to handle.

Claims

1. A process of extracting oil from a substance, the
method comprising the steps of:

a. contacting the substance with a solvent com-
prising HFC 134a, and optionally one or more
co-solvents, in a sealed first vessel;

b. elevating the temperature of the sealed first
vessel, and optionally causing agitation of the
heated mixture;

c. separating the resulting solution from the
substance by transferring the solution to a sec-
ond vessel;

d. cooling at least the second vessel to release
oil from solution; and
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e. separating the oil from the solution.

2. A process as claimed in claim 1, wherein the co-
solvent is liquid at room temperature.

3. A process as claimed in claim 1, wherein the co-
solvent is selected from the group comprising: hy-
drocarbons; low boiling aliphatic esters; ketones;
chlorinated, fluorinated and chlorofluorinated hy-
drocarbons; ethers; dimethyl formamide; tetrahy-
drofuran; dimethyl sulphoxide; alcohols; carboxylic
acids; acetic anhydride; nitriles; anhydrous lique-
fied ammonia; liquefied sulphur dioxide; nitric oxide;
nitrogen dioxide; nitrous oxide, and hydrogen sul-
phide, carbon disulphide, nitromethane, and ni-
trobenzene.

4. A process as claimed in claim 3, wherein the co-
solvent is selected from the group comprising: al-
kanes; benzene and its esters; acetates and bu-
tyrates; acetone; methyl isobutyl ketone; methyl
ethyl ketone; dichloromethane; dichloro difluor-
omethane; dimethyl ether; diethyl ether; methyl al-
cohol; ethyl alcohol; n-propanol; iso-propanol; ace-
tic acid; formic acid; and acetonitrile (methyl cya-
nide).

5. A process as claimed in claim 3 or 4, wherein the
co-solvent is selected from the group comprising;
lower alkanes, lower alcohols (i.e. C5 or lower), ac-
etone, dimethyl ether and diethyl ether.

6. A process as claimed in any preceding claim,
wherein the sealed first vessel is heated to a tem-
perature of from 40° to 60°C, inclusive in step (b).

7. A process as claimed in any preceding claim,
wherein the second vessel is cooled to a tempera-
ture in the range -10° to 25°C, inclusive, in step (d).

8. A process as claimed in any preceding claim,
wherein the substance is selected from the group
comprising: seeds, nuts, ground nuts, and oil shale
or mud.

9. A sealable apparatus comprising first and second
vessels, each vessel having at least one closable
valve through which solvent may pass, wherein the
first and second vessel are in fluid communication
with one another by means of the closable valves,
wherein the first vessel is adapted to receive a sub-
stance from which oil is to be extracted and incor-
porates a filtering device to prevent passage of the
substance out of the first vessel through the or each
valve and the second vessel is provided with cool-
ing means and/or is associated on its inlet side with
means for cooling incoming solution, and wherein
a solvent comprising HFC 134a together with one

or more optional co-solvents is provided in the first
vessel and may be transferred between the first and
second vessels via the or each valve.

10. Apparatus as claimed in claim 9, wherein the or
each valve is a one way valve and the first and sec-
ond vessels each have an inlet valve and an outlet
valve, the apparatus being arranged in the form of
a circuit so that the outlet valve of the first vessel is
connected to the inlet valve of the second vessel,
and the outlet valve of the second vessel is connect-
ed to the inlet valve of the first vessel, so that the
flow of solvent around the circuit occurs in one di-
rection only.

11. Apparatus as claimed in claim 9 or 10, wherein the
first vessel is provided with a heating means and/or
is associated on its inlet side with means for heating
incoming solvent.

12. Apparatus as claimed in any of claims 9 to 11,
wherein the apparatus includes a reservoir of addi-
tional solvent and means for introducing or remov-
ing solvent form the circuit, the point of addition or
removal of solvent from the circuit preferably being
between the outlet side of the second vessel and
the inlet side of the first vessel.

13. Apparatus as claimed in any of claims 9 to 12,
wherein the apparatus includes means for with-
drawing from the second vessel directly and/or from
the inlet side of the second vessel oil which has sep-
arated from the solvent.

14. Apparatus as claimed in any of claims 9 to 13,
wherein the apparatus includes means for deter-
mining the pressure in the circuit and/or the temper-
ature of the first and second vessels.

15. Apparatus as claimed in any of claims 9 to 14,
wherein the first and second vessels are transpar-
ent pressure vessels capable of withstanding pres-
sures of not more than 25 bar.

Patentansprüche

1. Verfahren zur Gewinnung von Öl aus einer Masse
nach einer Methode die folgende Schritte umfasst:

a. Die Masse wird in Kontaktwirkung mit einer
HFC 134a-haltigen Lösung gebracht und wahl-
weise mit einer oder mehreren Co-Lösungen in
einen geschlossenen ersten Behälter eingelei-
tet;
b. Erhöhung der Temperatur des geschlosse-
nen ersten Behälters und wahlweise das Um-
wälzen der aufgeheizten Mischung veranlas-
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sen;
c. Abscheiden der entstandenen Lösung von
der Masse durch Überführen der Lösung in ei-
nen zweiten Behälter;
d. so langes Abkühlen des zweiten Behälters
bis mindestens das Öl aus der Lösung heraus-
gelöst wird; und
e. Abtrennen des Öls aus der Lösung.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Co-Lösung bei Zimmertempe-
ratur flüssig ist.

3. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Co-Lösung aus einer Gruppe
von Stoffen ausgewählt ist, die Kohlenwasserstoffe,
niedrig siedende aliphatische Ester, Ketone, chlo-
rierte, fluorierte und Chlorfluor-Kohlenwasserstof-
fe, Ether, Dimethyl-Formalin, Tetrahydrofuran, Di-
methyl-Sulphoxide, Alkohole, Karbonsäuren, es-
sigsaurer Anhydride, Nitrile, wasserfreien flüssigen
Ammoniak, flüssiges Schwefeldioxid, Stickstoff-
oxid, Stickstoffdioxid, Distickstoffoxid und Wasser-
stoff-Sulfide, Kohlenstoff-Disulfide, Nitromethane
und Nitrobenzene umfasst.

4. Verfahren nach Anspruch 3, dadurch gekenn-
zeichnet, dass, die Co-Lösung aus einer Gruppe
von Stoffen ausgewählt ist, die Alkane, Benzene
und deren Ester, Acetate und Butyrate, Acetone,
Methyl-Isobuthyl-Ketone, Methyl-Ethyl-Ketone, Di-
chlormethane, Dichlor-Difluormethane, Dimethyle-
ther, Diethylether, Methylalkohol, Ethylalkohol, n-
Propanol, iso-Propanol, Ethansäure, Methansäure
und Acetonnitrile (Methylcyanide) umfasst.

5. Verfahren nach den Ansprüchen 3 oder 4, dadurch
gekennzeichnet, dass die Co-Lösung aus einer
Gruppe von Stoffen ausgewählt ist, die niedere Al-
kane, niedrige Alkohole (beispielweise C5 oder
niedriger) Acetone, Dimethylether und Diethylether
umfasst.

6. Verfahren nach einem oder mehreren der vorange-
gangenen Ansprüche, dadurch gekennzeichnet,
dass der verschlossene erste Behälter, wie in
Schritt b beschrieben; auf eine Temperatur von 40°
bis 60°C erhitzt wird.

7. Verfahren nach einem oder mehreren der vorange-
gangenen Ansprüche, dadurch gekennzeichnet,
dass der zweite Behälter, wie in Schritt d beschrie-
ben, auf eine Temperatur von -10° bis 25°C herun-
tergekühlt wird.

8. Verfahren nach einem oder mehreren der vorange-
gangenen Ansprüche, dadurch gekennzeichnet,
dass die Masse aus einer ausgewählten Gruppe

von Stoffen besteht, die Saaten, Nüsse, Erdnüsse
und Ölschiefer oder Ölschlamm umfasst.

9. Verschließbare Vorrichtung umfassend einen er-
sten und einen zweiten Behälter, wobei jeder Be-
hälter wenigstens ein verschließbares Ventil auf-
weist, durch das eine Lösung passieren kann, wo-
bei der erste und der zweite Behälter über die ver-
schließbaren Ventile miteinander in Verbindung
stehen, wobei der erste Behälter dafür ausgelegt ist
eine Masse vom Öl zu extrahieren und in den Be-
hälter eingebaute Filtervorrichtungen einen Durch-
fluss der Masse aus dem ersten Behälter durch die
oder in die Ventile verhindert und der zweite Behäl-
ter mit einer Kühl-Vorrichtung versehen ist, die ein-
lassseitig angebracht ist und einfließende Lösung
kühlt, und die zu kühlende Lösung HFC 134a und
ein oder mehrere optionale Co-Lösungen umfasst,
die in dem ersten Behälter vorgehalten ist, und zwi-
schen dem ersten Behälter und dem zweiten Be-
hälter über das oder die Ventile leitbar ist.

10. Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, dass das oder jedes Ventil ein Einrich-
tungs-Ventil ist und der erste und der zweite Behäl-
ter jeweils ein Einlassventil und ein Auslassventil
aufweisen; und die Vorrichtung einen kreisförmigen
Aufbau aufweist, so dass das Auslassventil des er-
sten Behälters mit dem Einlassventil des zweiten
Behälters und das Auslassventil des zweiten Behäl-
ters mit dem Einlassventil des ersten Behälters ver-
bunden sind, so dass die Fließrichtung der Lösung
nur in einer Richtung möglich ist.

11. Vorrichtung nach Anspruch 9 oder 10, dadurch ge-
kennzeichnet, dass der erste Behälter mit einer
Heizeinrichtung und/oder an seinem Einlass mit ei-
ner Einrichtung zum Aufheizen der eingehenden
Lösung versehen ist.

12. Vorrichtung nach einem oder mehreren der Ansprü-
che 9 bis 11, dadurch gekennzeichnet, dass die
Vorrichtung einen Vorratsbehälter für eine zusätzli-
che Lösung und eine Einrichtung zum Ein- oder
Ausleiten der Lösung aus dem Kreislauf aufweist,
die sich bevorzugt zwischen der Auslassseite des
zweiten Behälters und der Einlassseite des ersten
Behälters befindet.

13. Vorrichtung nach einem oder mehreren der Ansprü-
che 9 bis 12, dadurch gekennzeichnet, dass die
Vorrichtung eine Einrichtung für das Abziehen des
abgetrennten Öls aus der Lösung aus dem ersten
Behälter und /oder direkt von der Einlassseite des
zweiten Behälters aufweist.

14. Vorrichtung nach einem oder mehreren der Ansprü-
che 9 bis 13, dadurch gekennzeichnet, dass die
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Vorrichtung eine Einrichtung für die Bestimmung
des Drucks in dem Kreislauf und/oder für die Be-
stimmung der Temperatur in dem ersten Behälter
und dem zweiten Behälter aufweist.

15. Vorrichtung nach einem oder mehreren der Ansprü-
che 9 bis 14, dadurch gekennzeichnet, dass der
erste Behälter und der zweite Behälter transparente
Druckbehälter sind, die Druckbelastungen von
nicht mehr als 25 bar widerstehen.

Revendications

1. Procédé d'extraction d'huile d'une substance, le
procédé comprenant les étapes suivantes :

a) la mise de la substance au contact d'un sol-
vant contenant HFC 134a et éventuellement un
ou plusieurs solvants auxiliaires, dans un pre-
mier réservoir étanche,
b) l'élévation de la température du premier ré-
servoir étanche et éventuellement l'agitation du
mélange chauffé,
c) la séparation de la solution résultante de la
substance par transfert de la solution dans un
second réservoir,
d) le refroidissement du second réservoir au
moins afin que l'huile soit libérée de la solution,
et
e) la séparation de l'huile de la solution.

2. Procédé selon la revendication 1, dans lequel le sol-
vant auxiliaire est liquide à la température ambian-
te.

3. Procédé selon la revendication 1, dans lequel le sol-
vant auxiliaire est choisi dans le groupe qui com-
prend les hydrocarbures, les esters aliphatiques à
faible température d'ébullition, les cétones, les hy-
drocarbures chlorés, fluorés et chlorofluorés, les
éthers, le diméthylformamide, le tétrahydrofuranne,
le diméthylsulfoxyde, les alcools, les acides car-
boxyliques, l'anhydride acétique, les nitriles, l'am-
moniac liquéfié anhydre, l'anhydride sulfureux li-
quéfié, l'oxyde nitrique, le peroxyde d'azote, l'oxyde
nitreux et l'hydrogène sulfuré, le bisulfure de carbo-
ne, le nitrométhane et le nitrobenzène.

4. Procédé selon la revendication 3, dans lequel le sol-
vant auxiliaire est choisi dans le groupe qui com-
prend les alcanes, le benzène et ses esters, des
acétates et des butyrates, l'acétone, la méthyliso-
butylcétone, la méthyléthylcétone, le dichloromé-
thane, le dichlorodifluorométhane, l'éther diméthy-
lique, l'éther diéthylique, l'alcool méthylique, l'alcool
éthylique, le n-propanol, l'isopropanol, l'acide acé-
tique, l'acide formique et l'acétonitrile (cyanure de

méthyle).

5. Procédé selon la revendication 3 ou 4, dans lequel
le solvant auxiliaire est choisi dans le groupe qui
comprend les alcanes inférieurs, les alcools infé-
rieurs (c'est-à-dire en C5 et au-dessous), l'acétone,
l'éther diméthylique et l'éther diéthylique.

6. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le premier réservoir étan-
che est chauffé à une température comprise entre
40 et 60 °C inclus au cours de l'étape (b).

7. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le second réservoir refroi-
dit à une température comprise entre -10 et 25 °C
inclus, dans l'étape (d).

8. Procédé selon l'une quelconque des revendications
précédentes, dans lequel la substance est sélec-
tionnée dans le groupe qui comprend les graines,
les noix, les noix broyées, le schiste bitumineux ou
la boue bitumineuse.

9. Appareil qui peut être fermé de manière étanche,
comprenant un premier et un second réservoir, cha-
que réservoir ayant au moins une vanne qui peut
être fermée et par laquelle un solvant peut circuler,
dans lequel le premier et le second réservoir sont
en communication l'un avec l'autre pour la circula-
tion d'un fluide par l'intermédiaire des vannes qui
peuvent être fermées, dans lequel le premier réser-
voir est destiné à recevoir une substance dont une
huile doit être extraite et comporte un dispositif de
filtration destiné à empêcher le passage de la subs-
tance à l'extérieur du premier réservoir par la vanne
ou chaque vanne et le second réservoir possède un
dispositif de refroidissement et/ou est associé, à
son côté d'entrée, à un dispositif de refroidissement
d'une solution introduite, et dans lequel un solvant
contenant HFC 134a avec un ou plusieurs solvants
auxiliaires éventuels est placé dans le premier ré-
servoir et peut être transféré entre le premier et le
second réservoir par l'intermédiaire de la vanne ou
de chaque vanne.

10. Appareil selon la revendication 9, dans lequel la
vanne ou chaque vanne est une vanne unique di-
rectionnelle et le premier et le second réservoir pos-
sèdent chacun une vanne d'entrée et une vanne de
sortie, l'appareil étant disposé sous forme d'un cir-
cuit tel que la vanne de sortie du premier réservoir
est raccordée à la vanne d'entrée du second réser-
voir, et la vanne de sortie du second réservoir est
raccordée à la vanne d'entrée du premier réservoir,
si bien que la circulation du solvant dans le circuit
se produit dans un seul sens.
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11. Appareil selon la revendication 9 ou 10, dans lequel
le premier réservoir comporte un dispositif de
chauffage et/ou est associé à son côté d'entrée à
un dispositif de chauffage du solvant introduit.

12. Appareil selon l'une quelconque des revendications
9 à 11, dans lequel l'appareil comprend un réservoir
de solvant supplémentaire et un dispositif d'intro-
duction ou d'extraction d'un solvant du circuit, l'em-
placement d'addition ou d'extraction du solvant du
circuit étant de préférence placé entre le côté de
sortie du second réservoir et le côté d'entrée du pre-
mier réservoir.

13. Appareil selon l'une quelconque des revendications
9 à 12, dans lequel l'appareil comporte un dispositif
d'extraction du second réservoir directement et/ou
par le côté d'entrée du second réservoir d'une huile
qui a été séparée du solvant.

14. Appareil selon l'une quelconque des revendications
9 à 13, dans lequel l'appareil comporte un dispositif
destiné à déterminer la pression dans le circuit et/
ou la température du premier et du second réser-
voir.

15. Appareil selon l'une quelconque des revendications
9 à 14, dans lequel les premier et second réservoirs
sont des réservoirs transparents sous pression qui
peuvent supporter les pressions qui ne dépassent
pas 25 bar.
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